PROGRESS IN CRYSTAL 
GROWTH AND 
CHARACTERIZATION 


Volume 19 


Edited by 


PROFESSOR J. B. MULLIN 


“The Hoo”, Brockhill Road, West Malvern, Worcestershire, WR14 4DL, U.K. 


© 


PERGAMON PRESS 
OXFORD - NEW YORK - SEOUL - TOKYO 


- 
i 
ole 
ey 
| 


PROGRESS IN CRYSTAL GROWTH AND 
CHARACTERIZATION 


Editor in Chief 
Professor J. Brian Mullin 
“The Hoo”, Brockhill Road, West Malvern, Worcestershire WR14 4DL, U.K. 


Associate Editors 
Professor P Krishna, Banaras Hindu University, India 
Dr Claude Schwab, C.R.N./GRPM, Strasbourg, France 
Dr N B Singh, Westinghouse, Pittsburgh, U.S.A. 


Editorial Board 


Professor | Sunagawa Dr R Z Bachrach 
Tokyo, Japan Palo Alto, California, U.S.A. 


Professor Carlo Paorici 


Professor P Ramasamy 


MASPEC, Parma, Italy Madras, India 
Dr E | Givargizov Professor T Ohachi 
Moscow, Russia Kyoto, Japan 


Dr D Elwell Dr K Byrappa 

Newport Beach, California, U.S.A. Mysore, India 

Professor Jiang Minhua Dr P Shlichta 
Shandong Univ, China San Pedro, California, U.S.A. 


Professor Manni Mooser Dr J Venkrbec 
Lausanne, Switzerland Prague, Czechoslovakia 


Progress in Crystal Growth and Characterization of Materials is published as two volumes of four 
parts per year: January, March, May, June, August, September, November, December. 


©1993 Pergamon Press Ltd 


Annual Institutional Subscription Rate (1993): £550.00 (US$880.00). Sterling prices are definitive. US dollar 
prices are quoted for convenience only, and are subject to exchange rate fluctuation. Prices include postage 
and insurance and are subject to change without notice. Subscription rates for Japan are available on request. 
Specially Reduced Rates to Individuals: Any Individual whose institution takes out a library subscription may 
purchase a second or additional subscription for personal use at a much reduced rate. Prices are subject to change 
without notice. Subscription enquiries from customers in North America should be sent to Pergamon Press Inc., 
660 White Plains Road, Tarrytown, NY 10591-5153, U.S.A., and for the remainder of the world to Pergamon 
Press Ltd., Headington Hill Hall, Oxford OX3 OBW, U.K. 


Back issues of all previously published volumes are available direct from Pergamon Press offices. 
Second class postage paid at RAHWAY NJ. Postmaster send address corrections to Progress in Crystal Growth and 
Characterization of Materials, clo Pergamon Press Inc., 660 White Plains Road, Tarrytown, NY 10591-5153, U.S.A. 


Publishing / Advertising Offices 


Pergamon Press Ltd Pergamon Press Inc 
Headington Hill Hall 660 White Plains Road 
Oxford OX3 OBW Tarrytown 


U.K. NY 10591-5153, U.S.A. 


: 
— 


CONTENTS 


Introduction 


Materials for optoelectronic and photonic integrated circuits 1 
I. D. HENNING 


Recent advances in III-V compounds on silicon 
M. RAZEGHI 


Very uniform epitaxy 
A. MIRCEA, A. OUGAZZADEN and R. MELLET 


Characterization of advanced epitaxial structures 51 
B. HAMILTON and A. R. PEAKER 


The growth and characterization of Cd,Hg,_,Te(CMT) on GaAs for optical 
fibre communication devices 63 
L. M. SMITH, J. THOMPSON, P. MACKETT, G. T. JENKIN, 
T. NGUYEN DUY, P. GORI, A. CETRONIO, 
C. LANZIERI and G. MOCCIA 


MOMBE and MOVPE — a comparison of growth techniques 
M. WEYERS 


III-V alloys and their potential for visible emitter applications 
J. P. ANDRE, E. AUGARDE, E. DUPONT-NIVET, J. N. PATILLON, 
P. RIGLET, N. MARIEL, D. MORONI and A. VALSTER 


New device concepts: the implications for MOVPE 
J. L. 


Reaction mechanisms in OMVPE growth of GaAs determined using D, 

labelling experiments 115 
G. B. STRINGFELLOW 
Chemical boundary layers in (MO) CVD 
M. H. J. M. de CROON and L. J. GILING 
The role of surface and gas phase reactions in atomic layer epitaxy 


P. D. DAPKUS, S. P. DENBAARS, Q. CHEN, W. G. JEONG and 
B. Y. MAA 


Photo-induced organometallic processes in semiconductor surface technology 
J. HAIGH and K. DUROSE 


21 
39 
107 
iii : 


iv Contents 

The co-existence of multi-component liquid and solid intermediate phases 
before the hetero-LPE of III—V solid solutions 

Yu. B. BOLKHOVITYANOV 


Micromorphology of as-grown surfaces of crystals 
K. SANGWAL 


Commission on crystal growth and characterization of materials 


Characterisation of structures grown by MOVPE using x-ray diffraction 
MARY HALLIWELL 


Bridgman growth of Cd,Hg,_,Te — a review 
P. CAPPER 

Extrinsic doping of Cd,Hg,_,Te — a review 
P. CAPPER 


: 
: 
: 
: 
i 


